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Aims
To evaluate the survival data of all Taiwanese doctors and to ascertain whether doctors experience premature mortality.
Methods
Death and census data from 1990 to 2006 were obtained for all practising doctors in Taiwan. Causespecific standardized mortality ratios (SMRs) were calculated via the Life Table Analysis System using the general population of Taiwan as the reference.
Introduction
In 1996, Wright et al. [1] calculated from obituaries published in the British Medical Journal that anaesthetists and doctors born in the Indian subcontinent appeared to die at a younger age. However, the validity of the study methods and results were questioned due to the lack of real denominators [2, 3] . Because clinical practice involves exposures to many hazards [4, 5] , including psychological stress, prolonged and irregular job shifts, sleep deprivation, radiation, anaesthetic gases and biologically hazardous substances, there continue to be concerns that there may be higher mortality rates in doctors when compared with the general public [6] [7] [8] [9] . For example, during the Taiwanese Severe Acute Respiratory Syndrome epidemic of 2003, 106 of the 346 cases confirmed nationwide were hospital health care workers. Among the 73 fatalities, 3 of the 12 health care workers were doctors [10] .
In contrast, studies [11] [12] [13] [14] [15] from industrialized countries indicate that medical professionals experience lower overall mortality rates than other occupations. This outcome is attributed to the relative advantages of socioeconomic status, better access to health care and possible profession-related knowledge.
In view of these discrepancies, this study was conducted to evaluate the standardized mortality ratios (SMRs) for all doctors in Taiwan.
Methods
The cohort population of doctors in Taiwan was established from the enrolment and registration data of all the doctors in the Taiwan Medical Association. This has been regularly maintained since 1990 and contains information on doctors' demographics, including professional qualifications and training profiles. The registry also contains the following information on each doctor: name, date and place of birth, gender, personal identification (ID) number, medical school enrolment, medical school graduation date, medical specialties, places of practice, vital status, date of death and date of termination of membership or retirement.
The underlying and contributing causes of death are regularly obtained from the National Mortality Registry (NMR), which has been maintained by Taiwan's Department of Health since 1981. The cause of death for each deceased doctor was obtained through the NMR via the personal ID number. Those without a definite cause of death were reported as deceased with unknown cause. The cohort was followed until 2006 and the total person-years were calculated based on whether each doctor was deceased or censored.
The all-cause and cause-specific mortality rates for doctors were compared with those of the general public. All-cause and cause-specific SMRs were obtained by employing the personal computer version of Life Table Analysis System (LTAS.NET). This programme tabulates the underlying causes of death as well as the person-year of follow-up into age-, gender-and race-specific strata. SMRs and 95% confidence intervals (CIs) were calculated using the mortality rates of 119 underlying causes of death for the general population of Taiwan from 1971 to 2006 as a reference. The classifications of causespecific deaths were limited to those available in the reference data.
Originally, 38 different medical specialties were recorded in the doctor registration file; these were then categorized into 12 major specialties for the final analyses (Table 1) . Because the SMR is influenced by the age distributions for doctors with different specialties, the cumulative mortality rates (CMRs) for every 10-year period between ages 20 and 79 were calculated for direct comparison of mortality using the following formula: CMR 20-79 5 1 2 e 2x , CMR denotes CMR for ages 20 to 79; x was obtained by multiplying the interval of age stratum (10) by the sum of the age-specific mortality rates for ages 20-29, 30-39, 40-49, 50-59, 60-69 and 70-79 [16] [17] [18] .
The study was approved by the Ethics Review Board of the National Taiwan University College of Public Health.
Results
From January 1990 to December 2006, 37 545 doctors were enrolled in the study registry for a total of 624 133 person-years of follow-up. During this period, 1686 deaths occurred, including 1190 (of 18 664) internists and 161 (of 4571) surgeons. The segment of the population over 60 years old represented 4% of all anaesthesiologists, which was lower than the other specialties (surgeons, 13%; internists, 22% and obstetricians, 16%).
In general, the overall SMRs and CMRs for doctors with different specialties were relatively small when compared with the general population of Taiwan. As summarized in Table 2 , all the SMRs of different medical specialties were below 0.34. Among different specialties, higher CMRs 20-79 were found for dermatologists (0.34), internists (0.27) and surgeons (0.27) and lower CMRs were found for pathologists (0.06) and orthopaedists (0.10). Table 3 shows that doctors in Taiwan were less likely to suffer from nearly all specific causes of disease, although the main causes of death among doctors were generally the same as those of the general public in 2003. Doctors were also more likely to die from hypertensive diseases (SMR 4.06, 95% CI 2.36-6.50) but less likely to experience other diseases, including cerebral vascular disease, accidents, suicide, chronic obstructive pulmonary disease, pneumonia/influenza or liver disease. The SMRs for suicide and drug abuse were well below 0.5 (SMR 
Discussion
Our study found that doctors in Taiwan have a significantly lower SMR than the general population. This is in contrast to the general perception; when we searched for 'doctor's life expectancy' in Chinese on the Internet, the first page of results showed that Taiwanese doctors died 10 years earlier than the general population and that the surgeons generally died 5 years earlier than all other doctors. This message was repeatedly visible in obituaries in the news and publications of professional societies, which might have created an erroneous impression among people in Taiwan. Because the results of our study seem to be contrary to the observations detailed above, we first needed to rule out any potential confounding factors before making further inferences. While our study already included calendar year, age and gender in the SMR calculation, these factors cannot explain the magnitude of reduced mortality. Because calculation of SMR generally adopts the age distribution of the index population, different SMRs cannot be directly compared [18] . We further calculated the CMR 20-79 for different specialties in Table 2 ; all were below 0.34 and smaller than those of the general population of Taiwan, which was 0.53 in 1990, 0.48 in 2000 and 0.44 in 2006. The two indicators corroborate with one another, and through the results, we can tentatively conclude that doctors in Taiwan are healthier than the general population. This study also empirically demonstrates that without obtaining the real denominators for different age groups, the age at death cannot reflect the real mortality rates.
After adjusting for age, gender and calendar year, the SMRs of Taiwanese doctors in different medical specialties and the main causes were all well below 1, with the exception of hypertensive disease. However, there were only 17 cases coded for hypertensive disease, which would not have influenced the SMR estimates for stroke, heart disease or renal disease, if they had been coded into any of these three hypertension-related causes of death. Thus, we conclude that this figure might be a reflection of enhanced health care and completion of death certificates for doctors in Taiwan.
We found a significantly decreased SMR (0.14) for suicide among doctors in Taiwan, which is different to reports in other countries [19, 20] . As a sensitivity analysis, we tried to reclassify all the non-traffic-related injuries into suicides; however, the SMR did not increase to .0.20. Thus, suggesting that the low SMR of suicide cannot be explained by the potential confounding of coding errors or misclassification of certification process.
The lower overall death rate of Taiwanese doctors than the general population may be partially attributed to the healthy worker effect (HWE), which is the tendency of the actively employed to live longer than the population at large [21, 22] . However, most studies indicate that HWE will reduce the association between exposure and outcome by a magnitude of 20-30% [23, 24] . In our study, the SMRs and CMRs for mortality among Taiwanese doctors in different specialties were ,50%, which might imply a continued accumulation of professional-related knowledge.
Nevertheless, there are two limitations to this study. First, in addition to those mentioned above, possible contributors to lower health risks among doctors include profession-related knowledge, health-related behaviour and stable socio-economic status. However, information on education and socio-economic status within different strata of the reference population was not available, and therefore, adjustments for these potential confounders were not possible. Secondly, because the current regulations in Taiwan allow for two registered specialties, misclassification of self-reported specialties might be a source of bias in the analysis of mortality rates among different specialties. For example, a surgeon who worked in a district hospital or a clinic may go on to practice general medicine after retirement from the medical centre. However, because the SMRs and CMRs for all different specialties showed a consistently lower trend than those of the general population, this potential misclassification is not sufficient to influence the conclusion.
In conclusion, the total mortality rates of doctors in all specialties in Taiwan were much lower than those of the general population, and doctors were less likely to die from nearly all causes, including suicide and drug abuse. It is hoped that these findings will help to correct the false perception of a higher mortality rate in doctors in Taiwan. 
